For over 2.5 million dairy cows subject to assessment in Poland in 2005-2010, gestation length was analyzed. This trait follows a normal distribution, and it was found that the acceptable upper limit of gestation length for the Montbéliard and Simental breeds was 306 days, this being significantly different from other breeds. For the remaining dairy cattle breeds the value was 298 days. For cows with gestation length exceeding these limiting values, parentage control would be advisable.
Introduction
Gestation length in mammals is a physiological trait, characteristic of species or even of breed. Within the fixed limits there may be some individual variations within a breed, still considered to be standard. Establishing the range of these variations is economically important, as it may reduce the costs of parentage control of individuals born out of particularly long pregnancies. Gestation length is strongly influenced by a number of non-genetic factors, e.g. calving season, herd, lactation number, sex of the calf or parturition type (Petrović et al., 2010; Norman et al., 2009) . Physiological gestation length in dairy cows in Poland, according to the assessment instructions, is 263 to 297 days, or 263 to 300 days for Montbéliard and Simmental. When the acceptable gestation length is exceeded, parentage control is required. Lopez de Maturana et al. (2009) , analyzing a population of over 90 000 individuals, estimated the gestation length for Holstein-Frisian (H-F) cows to be from 261 to 291 days (with a mean of 277.6). Hansen et al. (2004) , for 390,000 Holstein-Frisian heifers, recorded a mean of 278.5 days and a range of 256 to 300 days. Observation of this variability motivated a study of gestation length differences among cattle breeds, in order to establish physiological standards for the currently assessed dairy cattle population in Poland and to reduce the costs of parentage control.
Materials and methods
The study concerned all dairy cattle subject to breeding and production value With this great number of records it is possible to assume, according to the central limit theorem, that the analyzed trait follows a normal distribution (Feller, 1971) . As factors disturbing the genetic equilibrium, and, at the same time, the normality of trait distribution influence the breeding population, the concordance of the data with the normal distribution was analyzed for the material as a whole and for particular breeds. The Kolgomorov statistic was used in order to check the concordance with normal distribution for the gestation length trait, as the analyzed sample is very large with no restriction on information about the hypothetical distribution parameters (Xing et al., 2011) . The Kolmogorov statistic D is defined as
On the basis of the estimated mean value μ and the standard deviation σ for the whole of the material a theoretical graph was created for the density function f(x) ( Fig. 1 ):
On the theoretical density function graph, areas were marked according to the "rule of 3σ" to illustrate acceptable trait values.
For comparing differences in gestation length in the breeds, multifactor analysis of covariance was used, where the main fixed effects were breeds, herd-year-season, lactation number, number of calves and regression effect of calf birth weight, as well as the random effect of service sire. 
Results and discussion
On the basis of the parameters obtained for the whole of the analyzed population of dairy cattle, a theoretical density function graph was created, showing that 99.3% (±3σ) of all the observations were contained within a range of 261.30 to 298.62 days.
Analysis of covariance showed differences in gestation length for all of the factors in the model. The differences were statistically significant for p ≤ 0.0001. For breeds only, the statistical significance of differences between breed pair means was estimated, using the LSD test (α ≤ 0.01).
The upper limit of gestation length in the study of Olson et al. (2009) was also higher than the advised 297 days. For Holstein-Frisian cattle the maximum was 299 days.
There was significant differentiation among the analyzed 9 dairy cattle breeds in the average gestation length: from 279.9 days for HO to 286.6 days for SM.
The LSD test showed highly significant differences among the mean values for these breeds. There are sets of breeds within which there were no differences recorded: HO, RW, and JE (denoted as group A); MO and RP (B); BG and ZB (C); furthermore SM was denoted as D, and ZR as E (Fig. 2) . The objects denoted with the same capital letter were combined into groups and compared/tested with orthogonal contrasts, and between these groups significant differences were confirmed. Similar differentiation among breeds was noted by Norman et al. (2009) , who identified additional differentiation within a breed caused by calf sex, number of calves, the level of lactation, lactation length, etc. * where the difference among breeds marked with different capital letters A, B, …, E is highly statistically significant (α≤0.01).
Figure 2. Differences in mean gestation length in selected dairy cattle breeds
For particular breeds the analyzed trait was found to fit a normal distribution, using the Kolgomorov statistics, and this was also the case for the whole of the material (Fig. 3a) and for the groups presented in figures 3b and 3c.
The analysis of gestation length was performed for all available breeds, and, separately, for all except MO and SM. Breeds MO and SM were also analyzed separately, because they differ in production type, which is expected to influence the lactation period.
In this situation the rule of 3σ was used for the most differing breed groups (as illustrated in Figs. 3a, 3b, 3c) . Irrespective of the breeding structure of the analyzed population, the upper limit value (+3σ) was greater than the critical value of 297 days accepted by SYMLEK (Table 3 ). The concordance of gestation length with a normal distribution proves that this trait had not undergone direct selection. According to Hansen et al. (2004) the heritability value for gestation length is 0.42, while according to Jamrozik et al. (2005) it is 0.31. This suggests the genetic possibility of changing this trait.
However, selection for changing gestation length is undesirable, as extreme values of this trait may lead to calving difficulties and stillbirths (Olson et al., 2009 ).
Conclusions
The studies, conducted on a very large dairy cow population, indicate that the gestation length trait follows a normal distribution. A significant difference was found between Montbéliard and Simental and the remaining breeds, so two extreme values for gestation length are proposed: 306 days for Montbéliard and Simental, and 298 days for the remaining breeds. Adoption of this change to the assessment instructions would enable a reduction in the costs of parentage control for calves born following a gestation longer than 297 days, which might undoubtedly reduce breeders' costs.
